Background
Acute mediastinitis (AM) is an infectious disease of differentiated etiology, characterized by rapid and severe course. Despite the introduction of modern diagnostics, antimicrobial therapy and early qualification for surgical treatment, the overall mortality remains at 14-47% [1] [2] [3] [4] [5] . The invasion of an infection into the sterile mediastinal space leads to rapidly progressing local inflammatory changes, which stimulate systemic inflammatory response syndrome (SIRS). Cellulitis, circumscribed abscesses, phlegmon and necrosis develop locally among loose mediastinal tissues. These changes can be accompanied by uni-or bilateral pyothorax, pericardial exudate, cardiac tamponade, subphrenic abscesses, lung abscesses and other conditions [1, 6, 7] . Severe sepsis or septic shock develops if it is impossible to surgically control the source of infection and to effectively limit the inflammatory process [8, 9] . Unsatisfactory treatment can further lead to multiorgan dysfunction syndrome (MODS) or multiorgan failure (MOF) as well as other complications and death [10] .
Over many years researchers have sought to find biochemical markers of inflammation of both diagnostic and prognostic significance, monitoring of which in correlation with the clinical picture and diagnostic imaging can be of great importance to modify therapeutic strategies. The best known widely used markers in everyday practice include the erythrocyte sedimentation rate (ESR), white blood cell count (WBC, leucocyte), white blood cell types (WBC differential), the level of C-reactive protein (CRP) and procalcitonin (PCT) [11] . We think that the information on the behavior of biochemical markers in patients with unfavorable course of AM will enable early recognition of septic complications before their clinical manifestation, as well as in imaging diagnostics. These data can contribute to modification of therapeutic management in the form of earlier qualification for aggressive surgical treatment, application of more effective antibiotic therapy, fluid therapy and advanced lifesupport care, which in turn can decrease the death rate.
Aim
The aim of this retrospective evaluation of selected biochemical markers determined before and on day 3 after surgery in patients surgically treated due to AM was to search for negative prognostic factors.
Material and Methods
A total of 44 consecutive patients with diagnosed AM were subjected to surgery. The patients fulfilled modified criteria of Esterra et al [2] , which in the original version concerned descending necrotizing mediastinitis, including: (1) clinical manifestation of severe infection, (2) demonstration of AM etiological factors, (3) characteristic radiological picture, (4) the pathogen isolation in microbiological cultures from the mediastinal area, and (5) intraoperative or postmortem documentation of mediastinitis.
Exponents of sepsis including fever, tachycardia, hyperventilation and leucocytosis were observed in all the patients. The age of the patients was from 19 to 83 years, mean age 52.5 years (median 54.5). There were 31 men, mean age 50.9 years (median 55) and 13 women, mean age 56.4 years (median 58). The time of hospitalization was on the average about 3 weeks (23.84±11.96 days, median 21.5); 14 patients died. The total death rate was 31.82% (38.7% in males and 15.4% in females).
The etiology of AM was extremely differentiated (Table 1) . Iatrogenic complications were the most frequent cause of mediastinal infection. They were found in 19 patients (43.2%) and were associated with esophageal and tracheal surgeries or with injuries to these organs during endoscopy or intubation. Non-iatrogenic esophageal and tracheal injuries were the cause of AM in 11 patients (25%). This group also included perforations caused by a foreign body. Descending AM was detected in 9 patients (20.4%). In 5 patients (11.4%) AM resulted from a spontaneous perforation of advanced esophageal cancer or lung cancer with infiltration to the esophagus (neoplastic etiology).
All patients underwent surgery. The time from the establishment of the diagnosis of AM to the introduction of surgical treatment ranged from 2 h to 11 days, with a mean of 1.62 days (±1.86) and median of 1.0 days. Surgical strategy was determined individually, dependent on the etiology, delay from the diagnosis establishment, local conditions and the patient's general state. The surgery, first of all, aimed at controlling the infection source and at limiting local inflammation by means of a wide cervical and/or mediastinal drainage through various surgical approaches. A detailed list of the performed surgical procedures and mortality rate of AM patients is presented in Table 1 . The following methods were used in the treatment of 11 patients with iatrogenic complications following esophageal surgeries: primary repair (7), esophagectomy (2), and esophageal exclusion (2) . Five patients died in this group. In the other 5 patients with iatrogenic etiology, a wide cervical and mediastinal drainage was the basic method of treatment. The next 2 patients required surgical repair of tracheal lesions. The last patient suffered from post-sternotomy mediastinitis. Debridement, revirage and mediastinal drainage were performed, but the patient died. Esophageal primary repair (7) and then tracheal repair (2) were the most frequently used methods of treatment of traumatic mediastinitis (11) ; all patients survived. One patient with esophageal perforation caused by a chemical burn required esophagectomy. The patient died. In the last patient from this group, a metal foreign body stabbed into the mediastinum was removed after a motorcycle accident. In 9 patients with mediastinitis of descending etiology, the basic method of treatment was to eradicate the primary focus of infection on the face or neck and wide cervical and mediastinal drainage (3 deaths). By far the worst results of treatment were noted in 5 patients with neoplastic etiology of the disease. All patients died despite esophageal exclusion (3), T-tube drainage (1) and primary repair (1).
Laboratory investigations
White blood cell count (WBC), red blood cell count (RBC), hemoglobin (HGB), hematocrit (HCT), platelet count, C-creative protein (CRP), procalcitonin (PCT), total protein, albumins, and electrolytes (sodium and potassium ions) were determined preoperatively. On day 3 after surgery the level of 3 markers of inflammation (WBC, CRP and PCT) were estimated.
The determination of peripheral blood cell count parameters (RBC, HGB, HCT, PLT and WBC) was performed with a Pentra 120 DX hematology analyzer. The determination of the level of total protein, albumins, sodium and potassium ions as well as ultrasensitive CRP by immunoturbidimetric method with tris buffer and anti-CRP antibodies was performed with an Olympus AU 640 analyzer. The PCT level in human serum was measured with the use of electrochemiluminescence method (ECLIA) with a Cobas E411 analyzer.
Aetiology
Number Procedure Death
Iatrogenic (19)
Oesophageal endoscopy 
Neoplastic (4)
Spontaneous perforation of prosthesis/stent 2 EX+PN-1 EX-1 2
Spontaneous oesophageal perforation in advanced cancer 3 Due to the retrospective nature of the study, no data were available that would allow us to assess the behavior of the analyzed markers in all patients in other definite time intervals after the surgery.
Statistical methods
ANOVA was applied to check the selected factors of the investigated parameters. As the variance differed significantly in the subgroups [Levene test], the Kruskal-Wallis test was used. Means of the parameters [numerical] were compared using the T-test for normal distribution or by medians and the W-test for non-normal distribution.
results
Analysis of peripheral blood morphotic elements
Mean values of biochemical parameters analyzed in the study are presented in Figure 1 .
The mean value of RBC was 3.41×10 6 /µl, (median: 3.47), below the normal range. Moreover, insignificantly decreased levels of HGB with mean of 11.57 g/dl (median: 11.15) and HCT with mean of 30.94% (median: 31.5%) were observed. The mean level of PLT (412.92×10 3 /µl) was elevated (median: 436.5).
The mean WBC count exceeded the upper limit of the normal range in the preoperative period (15.24×10 3 /ml; median: 14.6), but 3 days after surgery its mean value decreased (13.39×10 3 /ml; median 12.35). A statistically significant difference was confirmed between the value of medians for WBC pre-and postoperatively at the level of significance 95% (p<0.01).
In another analysis, selected laboratory markers were estimated in 2 groups of patients: "O" -recovery and "1" -death (Figure 2) . Then, the mean value of selected laboratory parameters was evaluated for each group.
In the group of non-survivors, statistically significant lower values of RBC (p=0.0090), HGB (p=0.0286) and HCT (=0.0354) were observed. No similar dependence was found for PLT (p=0.6201) and preoperative WBC count (p=0.2960) (no statistical significance). However, WBC count on day 3 after surgery was significantly higher in group "1" (mean, 17.04×10 3 / ml) in relation to group "O" (mean, 11.70×10 3 /ml) ( Figure  3 ). The result was of statistical significance (p=0.0002). It was calculated that the risk of death, when WBC count after surgery did not decrease, reached 67%.
Analysis of CRP level
The preoperative values of CRP were significantly elevated in relation to the whole material (Figure 1) , with a mean of 202.89±50.12 mg/l (median, 191.8). Mean CRP level evaluated on day 3 postoperatively decreased but it did not exceed the upper normal range, with a mean of 132.25±78.19 mg/l, (median: 96.25) (Figure 2 ). There was a statistically significant difference between the medians of CRP preversus postsurgical treatment at the 95.0% confidence level (p<0.00001).
The CRP level was analyzed in the group of non-survivors and survivors (Figure 2 ). In the group of patients with fatal outcome, the initial CRP level was higher (mean, 230.54 mg/l) in relation to the group of survivors (mean, 189.99 mg/l). This correlation was statistically confirmed (p=0.0107). Three days after surgery the difference between mean CRP values was even more distinct ( Figure 3) . These values were significantly higher in group "1" (mean, 215.88 mg/l) compared to group "O" (mean, 93.22 mg/l). The result was of statistical significance (p<0.0001). If the CRP values did not decrease immediately after surgery, the death risk was estimated to be 88%.
Analysis of PCT values
The mean preoperative PCT value was 2.93 ng/ml (median, 1.35) and it was distinctly elevated (Figure 1 ). Three days after surgery it decreased to 2.0 ng/ml (median, 0.7); however, it still exceeded the normal range. There was a statistically significant difference between the medians of PCR pre-versus postoperatively at the 95% confidence level (p<0.0001) (Figure 2 ).
The preoperative mean PCT level was found to be much higher in the group of non-survivors (mean, 6.39 ng/ml) than in the group of survivors (mean, 1.33 ng/ml). The mean preoperative value of this marker appeared to be higher in the dead patients than the value of the mean in all patients at a high level of statistical significance (p<0.0001) The PCT level estimated on day 3 after surgery was similar (Figure 3) . It still remained high in the group of non-survivors (mean, 4.97 ng/ml), whereas in the group of survivors it was close to the normal range (mean, 0.61 ng/ml). This correlation was confirmed statistically (p<0.0001). Lack of PCT value decrease in response to the surgery was found to be associated with a nearly 100% death risk.
The level of total protein and albumin
Hypoproteinemia with hypoalbuminemia were observed in AM patients (Figure 1 ). The mean level of total protein was 57.39 g/l, (median, 59.15) and of albumin 31.68 g/l (median, 32.6). We investigated whether there were differences in the level of total protein and albumins between non-survivors and survivors (Figure 2 ). The obtained mean for the level of total protein was lower in the group of non-survivors (52.82 g/l) than in that of survivors (59.51 g/l) ( Figure 3) . The difference in the value of total protein was statistically significant (p=0.0037). Similar correlations were observed for the level of albumins (Figure 3) . The mean level of albumins was lower in the group of non-survivors (28.73 g/l) vs. survivors (33.05 g/l) ( Figure 5 ). The result was of statistical significance (p=0.0003).
Ionogram
The mean values of ionogram did not differ significantly from the normal range (Figure 1 ). The following values were obtained -for sodium ions, mean 141.92 mmol/l (median, 141.75); for potassium, mean 4.19 mmol/l (median, 4.1).
The distribution of ionogram values was investigated in the group of non-survivors and survivors (Figure 2 ). In the group of non-survivors the mean value for sodium ions was decreased to the level of 134.46 mmol/l (mild hyponatremia). In the group of survivors the mean value for sodium ions was within the normal range -145.41 mmol/l. The result of statistical analysis (p<0.0001) confirmed the correlation between hyponatremia and the higher death risk. However, no significant deviations of the mean value for potassium ions were observed in both groups -non-survivors (4.17 mmol/l) and survivors (4.20 mmol/l).
discussion
Anatomical conditions in the mediastinum, in which organs essential for life are surrounded by relatively loose connective tissue, contribute to rapid spread of the infection. In 
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response to the local inflammatory process and tissue damage there is a systemic response to infection in the form of acute-phase reaction, which can then turn into sepsis, septic shock and other complications leading to death.
It is thought that acute-phase response is induced by bacterial endotoxins and it takes place with pro-inflammatory cytokines (TNF-a, IL-6, IL-8), leading to the increase of body temperature and synthesis of acute-phase proteins such as C-reactive protein, haptoglobin, a-1-antitripsin, fibrinogen and others [12, 13] . Considering the range of clinical symptoms, there was distinguished a systemic inflammatory response syndrome (SIRS), which is most frequently associated with sepsis. The criteria for SIRS and sepsis diagnosis have been defined by the American College of Chest Physicians/Society of Critical Care Medicine Consensus Conference definitions of sepsis [10] . According to these guidelines, SIRS is diagnosed on the basis of the following clinical symptoms: fever, leucocytosis with the increase of polymorphic cells (or leucopenia), tachycardia and tachypnea. Sepsis is a heterogenic clinical entity which was defined on the basis of the occurrence of at least 2 or more physiological changes characteristic for SIRS in the course of documented infection or its suspicion [14] .
In the course of AM, complications such as SIRS and sepsis, when treated ineffectively, can lead to the development of septic shock, multiorgan failure and death. Monitoring of the disease course is supported by widely understood laboratory diagnostics in correlation with the clinical picture and the results of diagnostic imaging. Deviations in the values of biochemical markers often signal the intensification of septic state long before the appearance of the first visible clinical symptoms. We made an attempt to identify negative biochemical prognostic factors in patients with AM, which could contribute to the improvement of the results of the treatment by expanding indications for diagnostics and by more aggressive qualification for surgery.
Determination of WBC when infection is suspected is the simplest and cheapest diagnostic investigation; however, it has low sensitivity and specificity [15] .
In our patients, high leucocytosis was observed in the preoperative period, proving an active severe infection, and its decrease on day 3 after effective surgery. However, the mean preoperative WBC count appeared to be higher in patients whose treatment was unsuccessful. The high level of WBC on day 3 after surgery without distinct tendency to decrease, contrary to the patients who responded positively to surgery, was an important observation. This correlation was statistically confirmed (p=0.0002); thus, it should be regarded as a sign of poor prognosis. The increase of WBC count can also be induced by non-infectious factors such as myocardial infarction, catecholamines, corticosteroids and acute bleeding [16, 17] . Moreover, the course of some infectious diseases can lack characteristic elevation of leucocytosis [16, [18] [19] [20] . Thus, the value of leucocytosis itself in the diagnostics and monitoring of sepsis in the course of AM without combination with other data should be considered as limited.
Anemia in combination with other coexisting diseases is a known negative prognostic factor. Garson et al proved that anemia and substantial operative blood loss increase the death risk in patients with cardiovascular disease [21] . Welch et al demonstrated that mortality increases with the decrease of HGB concentration, and even mild forms of anemia increase the death risk [22] . According to Carson [23] , the risk of death is low for patients with decreased HGB level of 7.1 to 8.0 g/ dl. However, if HGB level drops in the postoperative period below 5 to 6 g/dl, the risk for morbidity and mortality rises significantly. In our patients, mean values of blood morphotic elements, except PLT, were decreased. The lower mean level of RBC, HGB and HCT found in patients whose treatment was unsuccessful is noteworthy. The performed statistical analyses of the level of RBC, HGB and HCT confirmed that anemia in patients with AM can be a negative prognostic factor but the number of blood platelets does not affect the final prognosis. Other authors have emphasized that thrombocytopenia can be an adverse prognostic factor [24] [25] [26] .
Hypoproteinemia and hypoalbuminemia have a negative impact on the prognosis of critically ill patients [27] [28] [29] [30] . This particularly concerns the patients after neoplastic [31] , cardiosurgical [32] procedures and after severe injuries [33] . It is thought to be a consequence of malnutrition, liver dysfunction, disturbed protein and albumin synthesis by inflammatory mediators that can directly inhibit transcription of genes responsible for albumin synthesis [34, 35] . Trauma and sepsis initiate a cascade of events that lead to accelerated protein degradation, decreased rate of synthesis of selected proteins, and increased amino acid catabolism and nitrogen loss [36] . The results of our studies are similar to the observations of other authors. We have confirmed that hypoproteinemia and hypoalbuminemia in patients with AM can be a factor associated with poor prognosis. The obtained values were of high statistical significance confirming this correlation -p=0.0037 for protein and p=0.0003 for albumins.
An altered ionogram is often observed in critical infectious diseases, which undoubtedly include AM. These alterations can result from the disease itself, cessation of food intake, past surgeries, accompanying fever, developing renal failure, and other factors. The decrease of the level of potassium ions can be an important parameter for the final prognosis. Schoenfeld and Barak demonstrated that hypophosphatemia is an interesting phenomenon observed in the early phase of sepsis, which correlates well with elevated level of pro-inflammatory cytokines [37] [38] [39] . The drop of potassium value is particularly suggestive in the case of gram-negative bacteria [40] . Hyponatremia is also a form of clinical manifestation of critical diseases, many of which have a high mortality rate [41, 42] . Hyponatremia has a negative impact on the prognosis in oncological patients [43, 44] , cardiological patients [42, 45] , and in the elderly [46] . In our patients we did not observe marked alterations in ionogram values, except for decreased mean of the value of sodium ions in the group of non-survivors. Thus, hyponatremia in patients with AM can be regarded as a factor determining poor prognosis (p<0.0001).
In our patients no statistical correlation was found between the prognosis and serum level of potassium ions; however, many of them suffered earlier from chronic inflammatory diseases, neoplasms, underwent surgery, or had intravenous therapy which could have difficult-to-foresee impacts on ionogram alterations.
Acute phase proteins and C-reactive protein play a significant role in the assessment of the general condition and monitoring of septic patients [47] [48] [49] [50] .
Increased CRP levels can also be associated with poor prognosis in some chronic diseases such as heart failure [51, 52] .
CRP is a plasma gammaglobulin synthesized in the liver. Its level increases markedly after trauma, infection, inflammation and other factors stimulating tissue damage [53] . It is a good and sensitive marker of bacterial infection, the serum level of which increases significantly 6-10 h after activation of the stimulus inducing hepatocytes in liver, and drops rapidly when the stimulating signal is removed [54] . In most cases elevated CRP values are associated with unsuccessful treatment; however, there are reports that confirm this correlation [55] . In our patients the preoperative CRP values were high, proving severe infection. The level of this marker in non-survivors was observed to exceed mean values calculated for the whole study group, both in preand postoperative periods. Both these dependences found confirmation in statistics (p=0.0107 and p=0.0001). Thus, the initial high CRP level and lack of its decrease after surgical treatment should be associated with poor prognosis.
Procalcitonin (PCT) is an important biochemical marker useful in diagnosing and differentiation of severe infections including sepsis [56, 57] . The bacterial toxin-induced increase of PCT concentration (with preserved insensitivity to other pro-inflammatory stimuli) and close correlation between PCT concentration and severity of infection are the most important properties of PCT. Thus, PCT is a laboratory marker of high specificity for sepsis. It has been suggested that the increase of PCT level >1.1 ng/ml in combination with SIRS within 24 h postoperatively allows prediction of postoperative complications, with a positive predictive value of 81% [58, 59] . In our patients, elevated preoperative PCT values were observed from 0.5 to 18.3 ng/ml (mean: 2.93). Three days after surgery, the mean PCT level decreased gradually, coming close to normal values. It was found out that in the group of nonsurvivors, the mean PCT level was higher than in the whole group, both before the surgery and on day 3 after the procedure. Similar PCT values in response to the therapy should be considered as an important negative prognostic factor. High risk of death for patients with elevated PCT values after surgical treatment were statistically confirmed (p<0.0001).
conclusions
We observed that a series of patients with AM died despite proper surgical treatment. We think that more attention should be paid to preoperative biochemical investigations as well as to monitoring of patients in the postoperative period, as their altered results provided useful information about septic complications ahead of the clinical picture and diagnostic imaging. High levels of inflammatory markers -CRP and PCT, anemia, hypoproteinemia with hypoalbuminemia as well as electrolyte alterations (hyponatremia) -appeared to be the most important biochemical factors associated with poor prognosis in the preoperative period. The death risk increases significantly if no distinct drop in WBC count and CRP and PCT level is observed immediately after surgery. In such a situation the patients should be qualified earlier for extended diagnostics and for reoperation.
